
International Journal of Wildiand Fire, 2002, 11, 205—211

Modification of the Fosberg fire weather index to include drought
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Abstract. TheFosbergfire weatherindexis a simple tool for evaluatingthepotential influenceofweatheron a
wildiand fire basedon temperature,relativehumidity and wind speed.A modificationto this index that includes
the impact of precipitationis proposed.TheKeetch-Byramdroughtindex is usedto formulatea ‘fuel availability’
factor that modifiestheresponseof the fireweatherindex. Comparisonsbetweentheoriginal andmodified indices
are madeusinghistorical fire datafrom theFloridaDivision of Forestry.Theadditionofthefuel availability factor
helps increasetheutility of the fire weatherindex as it offersanimprovedrelationshipbe eenthe index andarea
burned.

Additional keywords:Florida; Keetch-Byramdroughtindex; fire danger.

Introduction

The Fosberg (1978) Fire Weather Index (FFWI) was
designedas a supplementto the once-daily fire danger
calculationsprovided by the 1972 National Fire Danger
RatingSystem(Deemingetal. 1972).NFDRS isdesignedto
reflectthenearupperlimit ofpotentialfirebehaviorthat may
occur in a rating areaon a given day basedon average
worst-caseconditions: mid-afternoon weather conditions,
mid-slope on south or south-westaspects.The FFWI is
basicallya non-linearfilter of meteorologicalinformation
(temperature, relative humidity and wind speed) that
provideslandmanagerswith ausefultool for interpretingthe
impactsof small-scale/shorttermweathervariationson fire
potential. Land managerscan calculate the FFWI using
hourly observationsfrom all availableweatherstationsto
evaluatethe spatial and temporalevolutionof the weather
componentof the fire environment.

Thesimplestructi.ireof theFFWI makesthe indexa good•
match for calculation from the output from numerical
weatherprediction models. Such models are capableof
producingweatherdataon an hourly basisat resolutionsof
several kilometers. Forecastsof the FFWI are currently
providedat a variety of temporalandspatial scalesby the
Pacific Northwest Regional Modeling Consortium, the
Florida Division of Forestry,and the ExperimentalClimate
Prediction Center at Scripps Institute of Oceanography.
While theuseof numericalmodel datahighlights the above

mentionedstrengthof theFFWI, theFFWI doesnot takefull
advantageof all theweatherinformationprovidedby these
modelsor moretraditionalobservingsystems.

The omission of precipitationpreventsthe FFWI from
capturingspatial variationsin fire potential dueto spatial
variability in rainfall amounts.This omissioncanbe very
Importantin a regionsuchas Florida whererainfall during
the fire seasontypically comesfrom local weatherevents
(e.g. thunderstormsalong a seabreezefront) that provide
highspatialvariability in bothrainfall coverageandamount.
Thisstudymodifies theFFWI by addinga ‘fuel availability’
factor that accountsfor recentrainfall andtheevaporationof
that rainfall. This fuel availability factor is basedon the
Keetch-ByramDroughtIndex, orKBDI (KeetchandByram
1968),a droughtindicatordesignedfor forestryapplications
and widely used in the south-eastemUnited States.This
applicationof the KBDI is similar in somerespectsto that
employedby Griffiths (1999) andNoble et al. (1980) in
calculatingthe drought factor for the McArthur ForestFire
DangerMeter (McArthur 1967). This study examinesthe
relationshipbetweenthe FFWI, a modified Fire Weather
Indexthat includesrainfall (mFFWI) andfire history overa
20 yearperiod(1981—2001)forFlorida.

Methods

The FFWI is a non-linear filter of meteorologicaldata
designedto provide a linear relationship between the
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Temperature

combinedweatherinputs andwildland fire behavior.The
flame length model of Byram(1959) is consideredlinearly
related to fire suppressionefforts and is the basis of the
Burning Index of NFDRS (Deeminget al. 1972). Fosberg
(1978) usesthesesameprinciplesto derivethe FFWI with
theassumptionthat fuel bedpropertiessuchas surfacearea
to volume ratio andmoistureof extinction are fixed in both
spaceand time. This flamelength formulationis essentially
divided into a fuel moisturecomponentand a rateof spread
component(Fig. 1). Therate of spreadcomponentis based
on the Rothermel (1972) model while the fuel moisture
component is the equilibrium moisture content as
determinedby Simard(1968).TheFFWI is givenby:

2
FFWI= l+U 0.3002,

whereU is thewind speedin miles perhour.Themoisture
dampingcoefficient, ~‘7,is given by

= l—2(m/30) +l.5(m/30) —0.5 (m/30)3.

The equilibrium moisture content (in) is given as a
function of temperaturein degreesFahrenheit (I) and
relativehumidity inpercent(h):

in =

0.03229+ 0.281073h — 0.000578hT

forh <10%

2.22749+ 0.160107h— 0.01478T

forl0% <h=50%
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Fig. 2. Schematicof Modified FosbergFire WeatherIndex.

Thesepropertiesdo notreflectanyoneparticularfuelmodel
from eitherNFDRS ortheFire BehaviorPredictionSystem.
Instead, Fosbergassumedthe fuels to be extremely fine
(surfaceareato volumeratioof 3000if’, thehighestratio of
any fuel model in the 1978 NFDRS) with a moisture of
extinctionvalueof 30% (alsothehighestvalueof anyof the
1978 NFDRS models).The resultanthybrid fuel model is
morevolatile thananyoftheotherNFDRSfuel models.

in this study,adependenceonprecipitationis addedtothe
FFWI throughtheadditionof a ‘fuel availability’ factor, or
FAF (Fig. 2).TheFAF is definedas a functionof theKiI3DI,
which is in tuma function of maximumdaily temperature,
daily precipitation,andannualaverageprecipitation.in the
1988revisionof the1978 NFDRS(Burgan1988),theKBDI
wasaddedas adrought factorthatcontrolledtheadditionof
a ‘drought fuel’ load to the systemas droughtintensified.
This drought fuel load was fuel model specific and was
addedin an attemptto improve the responseof NFDRSto
droughtin morehumid climates,suchas the south-eastem
United States.In thepresentstudy,theKBDI will be usedto

(1) scalethe FFWI to reflecttotal fuel availability, ratherthan
just theadditionof a droughtfuel load.

Table 1 presentsthe fuel loadingsfor the fuel modelsof
the 1988Revisionof NFDRS.TheFAF will bebasedon the
averagefuel loadingfrom thesemodels.At a KBDI of0 it is

(2) assumedthat only the 1-hourand10-hourtimelagfuel loads
are available,while at a KBDI of 800 theentirefuel load is
available. To produce a non-dimensionalquantity, these
valuesarescaledby the sumof the 1-, 10- and100-hourfuel
loads. The FAF function is defined by a second-order
polynomial fit throughthreepoints: KJ3DI 0, FAF = 0.72;
KBDI = 800, FAF = 2.1; KBDI = 450, FAF = 1). Thislast
point representsanFAF of 1 whenthe KBDL is at its annual
statewidemeanasdeterminedfrom 50yearsof temperature
andprecipitationdata.Theresultingequationfor theFAF as
a functionof KBDI (K) is

(3)
22 1.0606+ 0.005565h — 0.00035hT— 0.483199h

forh >50%.

The fuel bed properties used by Fosberg in the
developmentof the index requiresomefurtherexplanation.

FAF= 0.000002K2+ 0.72. (4)

This form for theFAF waschosentoprovidea continuous
functionthatallows thefuelavailabilityto increaserapidly as
drought conditions become more severe (Fig. 3). The

Fig. 1. SchematicofFosbergFireWeatherIndex(Fosberg1978).



Table 1. Fuel loadingsfor 1988NFDRSfuel models (tonsper acre)

Fuel model 1 hour 10 hour 100 hour 1000hour Woody tierbaceous Drought

A 0.20 0 0 0 0 0.30 0.20
B 3.50 4.00 0.50 0 11.50 0 3.50
C 0.40 1.00 0 0 0.80 0.80 1.80
D 2.00 1.00 0 0 3.00 tOO t.50
E 1.00 0.50 0.25 0 1.00 0.50 1.50
F 2.50 2.00 1.50 0 7.00 1.00 2.50
G 2.50 2.00 5.00 12.00 0.50 0.50 5.00
H 1.50 1.00 2.00 2.00 0.50 0.50 2.00

12.00 12.00 10.00 12.00 0 0 12.00
J 7.00 7.00 6.00 5.50 0 0 7.00
K 2.50 2.50 2.00 2.50 0 0 2.50
L 0.25 0 0 0 0 0.50 0.25
N 1.50 1.50 0 0 2.00 0 2.00
0 2.00 3.00 3.00 2.00 7.00 0 3.50
P 1.00 1.00 0.50 0.00 0.50 0.50 1.00
Q 2.50 5.40 2.90 1.00 3.00 1.00 3.50

R 0.50 0.50 0.50 0.00 0.50 0.50 0.50
S 0.50 0.50 0.50 0.50 0.50 0.50 1.50
T 1.00 0.50 0 0 2.50 0.50 1.00
U 1.50 1.50 1.00 0 0.50 0.50 2.00
Average 2.29 2.35 1.78 1.88 2.04 0.43 2.74
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Fig. 3. Fuel availability factor (FAF) asa functionof KBDI.

modified FFWI (hereafterreferredto as the mFFWI) is
simply calculatedby multiplying the FFWI (equation1) by
the fuel availability factor (equation4):

Using the KBDI to determinethe fuel availability factor
is similarinconceptto theuseoftheKBDI incalculatingthe
drought factor for the MeArthur fire danger meter as
describedby both Griffiths (1999)and Noble et al. (1980).
While boththe fuel availability factorandthedroughtfactor
areusedasmultipliersto achievethefinal indexvalue, their
dependenceon the KBDI is considerablydifferent. The
drought factor asymptoticallyapproachesits maximum
value,in muchthesamewaythattheKBDI itself approaches
its maximum value of 800. The greatestchange in the
drought factor occurs at low to intermediatevalueswith

relatively little changeat highvaluesof the KBDI. The fuel
availability factor, however,increasesmost rapidly as the
K.BDI approachesits maximum.

SincetheKBDI is a onceperday calculation,using it to
modify theFFWImay appearto adverselyimpactoneof the
strengthsof theFFWI, theability to assessshort-term,local
variations in potential fire behavior. However, only the
drying phaseof the KBDI is truly restrictedto oncea day
calculation as it is a function of the maximum daily
temperatureandannualaveragerainfall. The wettingportion

500 of the KBDI calculation,a simplesubtractionof therainfall
(in inches)multiplied by 100, canbe updatedwith hourly
rainfall information if desired.The only complication in
usinghourly rainfall observationslies inmakingcertainthat
theKBDVs rainfallthresholdof0.20inchesisachievedprior
to reducingthe index value.

Weatherdata for this study were compiled from 120
NationalWeatherServiceobservingsitesfor the period of

(5) January 1981 throughJuneof 2001. This datasetprovided
the information required for the FFWI calculation,
temperature(maximum),relativehumidity (minimum) and
wind speed(daily average).While thesedataare notoptimal
for displayingthe spatialand temporalinformation that the
FFWI is specificallydesignedfor, it is sufficientto compare
theFFWIandmFFWI in amoretraditionalfire dangerrating
scheme,which is all that thehistoricalfire databaseusedin
this studycansupport.Daily activity reportsfrom theFlorida
Division of Forestrythat summarizethenumberof firesand
areaburnedby forestrydistrict areusedasthe fire database
for this study. It is importantto notethatonly dayson which
therewere active fires are consideredfor this study. The
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Fig. 4. Map showingthe locationof 120 National WeatherService
observingstations(dots)andFlorida’s 15 Forestrydistricts (numbers
reflecttheDivision’s currentfire reportingsystem).

readeris referredto Fig.4 fordistrictboundariesandweather
stationlocations.

Resultsanddiscussinn
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An examinationof the mFFWI formulation reveals that it
shouldleadto a broadeningof thepotential responseof the
FFWI for differing values of the fuel availability factor.
Figure 5 highlights the broad range of possiblemFFWI
values for a given value of the FFWI dependingupon
variationsin theKBDI. Theslopeoftheregressionline fit to
thesedata(1.2266)canbe viewedas an approximatemean
fuel availability factor that correspondsto a KBDI valueof
503,which is slightly higherthanthelong-termmeanKBDI
(449)that wasusedin theformulation of theFAF Themean
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Fig. 7. Scaled standard deviationsfor FFWI, mFFWI and area
burned.

KBDI for the periodof the fire datausedin the analysisis
511, verycloseto thatobtainedfrom theregressionslope.

Florida primarily has a spring fire seasonwith the
majority of theareaburnedoccurringduringMay andJune.
This peak in burning doesnot coincidewith the peaksin
monthlymeanFFWI or mFFWI (Fig. 6). The peaksin the
fire weatherindices occur during early spring and fall. At
thesetimesofyear,coldfrontalpassagesbringingdry airand
strongwindsare morefrequentandleadto elevatedmonthly
mean values of the fire weather indices. Note that the
mFFWIdoeshavea broaderspringpeakastheFAF tendsto
correlatewell with areaburned(r = 0.77).

May and June are the months that exhibit the most
variability in areaburnedand theseare the key monthsin
determining whether Florida experiencesa severe fire
season.In an idealworld thefire weatherindicesshouldalso
exhibit strong variability at this time of year; however,
examinationof the monthly standarddeviationsfor the fire

100 120 140 160 weather indices and area burned reveals that the peak
standarddeviation for the fire weather indices occurs in
FebruaryratherthanMay whenthepeakstandarddeviation
for areaburnedoccurs (Fig. 7). The mFFWI doesshow a
relative increasein the monthly standarddeviationsin the
May and June periods.Note that in Fig. 7 the standard

Fig. 5. Comparison of Fosberg Fire Weather Index (FFWI on
horizontal axis)andthemodifiedform givenin equation(5) (mFFWI
onverticalaxis).Equationfor trendline isy= 1 .2266x+0.5495.(Based
on22 528points.)

North

I - Blackwater
2- Chipola
4-Tallahassee
5-Perry
6-Sowanries
7 - Jacksonville
6-Wacrasassa
10. Bosoetl

- Withlaroochee
12- Orlando
14- Laketand
15- Myakka Riser
16. Okeerhohee
17- Caloosahatchee
16- Everolades



Fosbergfire weatherindex 209

100%
90%
90%
70%
60%
50%
40%
30%
20% A
10%
0%

0 10 20 30 40 50 60 70 80 90 100

FFWI

Fig. 8. Cumulativefrequencyplot for percentageofdays(solid)and
areaburned(dotted)asa function ofFEWI.
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Fig.9. Cumulativefrequencyplot for percentageofdays(solid) and
areaburned(dotted) asa function of mFFWI.

deviationfor eachvariablewasscaledby its maximum value
to facilitate plotting on a commonaxis.

Examination of a cumulative frequency graph for the

numberof daystheFFWI is in a given 10 point range(solid)

and the percentagearea burned while the FFWI is in that

samerange(dotted) isshownin Fig. 8. The FFWI is lessthan

20 for 95% of the time, which doesnot indicate very severe
burning conditions, yet 64% of the area burned between

1981 and2000 occurredwhen the FFWI was less than 20.

This would tend to suggest that the FFWI may not be an

effective indicator of fire potential in Florida. Figure 9

displayssimilar information exceptthat themFFWI replaces
theFFWI. For themFFWI, 97%of theobservationswere for

valuesbelow 50, but thesedaysaccountedfor only around

44% of the acreageburned.The remaining 56% of thearea
burnedon the remaining3% of the dayswhen the mFFWI

was above50, indicating moresevereburningconditions.

ExaminationofFig. 9 revealssomeusefulbreakpointsfor
establishing somebasic classesfor assessingthepotential

weather impactson wildland fires (Table 2). Values of the

Table2. mFFWI classificationbasedoni percentage
areabnrned

mFFWI
Class

mFFWI
(% year)

% Area
Burned

Low <25 16%
(48%)

Moderate 25—49 28%
(49%)

High >50 56%

(3%)
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Fig. 10. Frequencydistributionfor percentageof days (solid) and
areaburned(dotted)asafunctionof FAF.
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Fig. 11. Probabilityofabove-averageareaburnedby mFFWI class.

mFFWIbelow25 occurred48%ofthetimeduringthestudy,
but accountedfor only 16%of theareaburned.This will be
consideredlow fire potential. The moderateclassification,
values from 25 to 49, occurred 49% of the time and
representeda slightly largerportionof thetotal areaburned,
28%.Thehigh category,valuesgreaterthan50,occurred3%
of thetimeandaccountedfor the remaining56%of thearea
burned.Thethreemainjumpsin thecumulativefrequencyplot
for theareaburnedasa functionofthemFFWI inFig.9 appear
tobe relatedto localmaximain thefrequencydistributionof
percentageareaburnedasa function oftheFAF (Fig. 10).

Using thebreakpointsandclassesestablishedabove,the
probability of above-averagefire activity for eachclassis
examined.Theaveragedaily areaburnedon dayswithactive
firesperdistrictwas92 acres(37.23ha).Figure 11 displays

gl

if 0

A
/~.

/
.;/\i 1



ScottL. Goodrick

30%

A A A A
/

15% .
/ /

10%-
/ / -5% / ~rK
/

0%-

9~ P~dPo ~
\~ “‘c~

4~
-~ O~o ~

j—Low —n—Moderate—A—Mph I

Fig. 12. Probabilityof above-averageareaburnedby FFWI class.

the probability of aboveaverageareaburnedfor eachclass
by district. In general,the highmFFWI classshowsa much
higherprobabilityfor the occurrenceof above-averagearea
burnedthanthelow class.Themostnotableexceptionto this
is thePerrydistrict, whichshowsazeroprobabilitydueto no
joint occurrencesof aboveaveragefire activity and high
mFFWI. Thesawtoothpatternevidentin themiddleportion
of Fig. 11 for thehigh classreflectssomespatial variability
asthedistrictswith thepeakvaluestendto beon thewestern
halfof thepeninsulawhile the low valuestendto be on the
easternhalf. Thepredominantwind directionthroughoutthe
peninsulaofFlorida is easterlyfor muchoftheyear,bringing
elevatedmoisturelevels,andthereforelowermFFWIvalues,
to the eastern half of the peninsulawhere the marine
influence ismostpronounced.

The probabilityof above-averagefire activity for similar
classesof the FFWI is shown in Fig. 12. Breakpointsfor

theseclassesweredeterminedby takingthebreakpointsfor
the mFFWI andconvertingthem to FFWI valuesusingthe
slope of the regressionline in Fig. 5 (1.2266) as a fuel
availability factor in equation(5). The resultingbreakpoints
for theFFWIare:Low <20, Moderate=20and<40andHigh
=40. The differencesbetweenFigs 11 and 12 are fairly
subtle,which is not completelyunexpectedas fire size is
largelyafactorofwind speedwhich is accountedfor by both
indices.

Data from Januarythrough Juneof 2001 are used to
furtherexaminethevalueof theidentifiedbreakpoints.Fire
dataandweatherdatafor eachof the Florida Division of
Forestry’s15 districtsareusedto assesswhich areahad the
mostseverefire conditionsduring theperiodas determined
by the mFFWI. The percentageof time during the period
whenthemFFWIwas in eachof the threecategoriesdefined
inTable 2 is shownin Fig. 13. Thedistrictsin thepanhandle
of Florida (Blackwater, Chipola, Tallahasseeand Perry)
showan abovenormalpercentageof low mFFWI dayswith
few to no high mFFWIdays.In contrastthe centralpart of
the state (Lakeland and Orlando districts) show a much
higherthannormalpercentageof highmFFWI days.
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Fig. 13. Percentageof days each district was in each mFFWI
categoryandthenormalpercentagesdescribedin Table 1~

Table3. lop five districtsrankedby % daysof
high mFFWI

District % High mFWI %TotalAreaBurned

Orlando 18.5 5.5
Lakeland 15.7 14.7
Okeechobee 143 39.5
Jacksonville 13.1 0.5
Waccasassa 12.7 1.6

Table 3 shows the five dis icts with the highest
percentageof highmFFWIdaysandthepercentageof acres
burnedstatewidethatwere in eachof thesedistricts.Thetop
three districts (Orlando, Lakeland and Okeechobee)
averagedover5 timesthenormalpercentageof high mFFWI
daysandaccountedfor nearly 60% of theacreageburned
during 2001.Theonly district with a significantpercentage
of acreagenot listed in Table 3 is the Evergladesdistrict,
where21.4%of the acreageburned.Thepercentageof high
mFFWI daysin Evergladeswas7.9%,morethan doublethe
normal percentageof 3. All but 4 of the 15 districts had
above-normalpercentagesof high mFFWI days,reflecting
theprolongeddroughtandabove-averagevaluesfor thefuel
availability factor.

SummaryandConclusions

A simple modification that accountsfor variability in
rainfall/droughthasbeenaddedto theFosbergFire Weather
Index in theform of a fuel availability factor. This factor is
calculatedasa functionoftheKeetch-ByramDroughtIndex,
which is commonly used in forestry applications. A
comparisonoftheoriginal andmodifiedfireweatherindices
for a 20yearperiodin Floridashowsthat themodified index
providesa slightly moreusefulmeasureof fire potential,as
clearbreakpointsin areaburnedasa function of the index
were easily discernable.Application of the modified Fire
WeatherIndex for the 2001 fire seasonreinforcedthe new
indexh ability to highlight geographicvariations in fire
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dangeras the threedistrictswith the highestpercentageof
high mFFWI days accountedfor almost 60% of the area
burnedin thestate.

The purely meteorologicalnatureof the mFFWI lends
itself well to the developmentof forecastproductsbasedon
griddedweatherdata from a numericalweatherprediction
model. Griddedproductsbasedon theFFWI are commonly
producedby variousmodelinggroupsandtheadditionofthe
fuel availability factor would require only some minor
modificationsto thealgorithmsthat producetheseproducts.
By addingthe influenceof rainfall, the mFFWIwill beable
to revealthe impact of dry versuswet cold fronts on fire
potential. While the FFWI would show high valuesdue to
strongwinds and low humidi behinda front, themFFWI
would slightly moderatethesevaluesin theeventof a wet
frontal passageas the rainfall reducesthe fuel availability
factor.The FloridaDivision of Forestryplans to implement
the modified form of theFosbergFire WeatherIndex aspart
of its routineproductsfrom theMMS model.
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